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Abstract 
In this study, an analyti tate a 
functionally graded porous material hollow sphere (FGpm). It is assumed that properties of poro, and FGM material is changed through thickness according to 
power law functions. heat conduction equation is obtained for obtaining temperature distribution and navier equations analytically using legendre polynomials 
and Euler differential equations system for investigating displacements changes and stress and potential functions for different indices power indices.  
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1.Intruduction 
Functionally graded materials (FGMs) are made of a mixture with arbitrary composition of two different materials,and the volume fraction of 
each material changes continuously and gradually. The FGMs concept is applicable to many industrial fields such as chemical plants, electronics, 
biomaterials and so on[1]. Thick hollow sphere analysis made of FGM under mechanical and thermal loads and in asymmetric and two-
 was conducted investigating navier equations and using legendre polynomials [2]. Ootao and Tanigawa derived the three-
dimensional transient thermal stresses of a non-homogeneous hollow sphere with a rorating heat source [3]. Jabbari presented the analytical 
solution of one and two-dimensional steady state thermoelastic problems of the FGM cylinder [4].Two-dimensionalnon-axisymmetric transient 
mechanical and thermal stresses in a thick hollow cylinder is  presented by Jabbari et al [5]. Porous spheres of nanometer to micrometer 
dimensions are being pursued with great interest because of several possible technical applications in catalysis, drug delivery systems, separation 
techniques, photonics, as well as piezoelectric  and other dielectric devices [6-7]. The study of the thermomechanical response of fluid saturated 
porous materials is important for several branches of engineering [8-12]. Inspite of conducted studies on spherical and cylindrical vessel made of 
FGM to obtain mechanical displacements and mechanical and thermal stresses, it has not done any study on composition of poro and FGM 
materials. This study investigates the effect of 
Fluid trapped in the porous medium is located in undrain conditions. 
2. Analysis 
Consider a thick spherical vessel of inside radius a and outside radius b made of poro FGM. It is assume that the mechanical and thermal loads 
and their associated boundary conditions are such that the stress field is a function of variables r and . 
For the assumed condition, the strain displacement relations are 
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where u and v are the displacement components along the r- and - directions, respectively.the linear constitutive relations for a functionally 
graded porous material hollow sphere (FGpm) can be express                                                                                                      
),,(131333 rTzpCCC rrrrrrr    ),(121311 rTzpCCC rr  
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(2) 
Where ij  and ij  are the stress and strain tensors, ,rT  is the temperature distribution determined from the heat conduction equation, iz and is 
the coefficients of thermal expansion in effective stress, ijC  are the elastic constants, and M are Biots coefficient of effective stress and Biots 
Moduls. there for 
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Pressure equation in porous environment 
)(Mp                                                                                                         (4)                                            
For undrain condition 
0 ,  )( rrMMp                                                 (5)                                                             
Where  and  are variation of fluid content and  volumetric strain. The equilibrium equations, disregarding the body forces and the inertia 
terms, are 
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Substituting Eqs.(5) in to Eqs.(2) lead to 
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With this hypothesis that 
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Employing a change of variable cos  and using Eqs. (1)-(9), the equilibrium equations in terms of the displacement components (Navier 
equations) are obtained as 
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Where 
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3. Temperature distribution  
 
The heat conduction equation and the thermal boundary conditions, respectively, are 
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where k is the coefficient of thermal conduction. It is assumed that the thermal conduction coefficient for the poro FGM sphere is 
m
mrkrk )(                                                                                                      (14)                                                                                                          
Here, mm a
akk )( where )(ak  is the conduction coefficient of the inner radius of FG material at r = a and m is the material constant. 
Substituting Eq. (14) into Eq. (13) yields the FGM heat conduction equation as 
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Solution of the conduction equation may be assumed in the form of Legendre series as 
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where )(rTn as the coefficient of Legendre series may be illustrated as 
1
1 0
)sin()(cos),(
2
12)(),(
2
12)( dprTndprTnrT nnn                                                                     (17)                           
Using Eq. (12), Eq. (11) may be written as 
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Employing the change of variable given in Appendix B, results into the separation of independent variables in Eq. (18), which may be written as 
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The above equation is the Euler equation. Thus, the solution may be written in the form 
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Substituting Eq. (20) into Eq. (19) yields 
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The general solution of Eq. (18) is 
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Thus, the temperature distribution becomes 
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Which, here 1nA , 2nA  constants are obtained from thermal boundary conditions for internal and external radius as below. 
,,, 11211 faTCaTC .,, 22221 fbTCbTC              (24)                                                                              
Where 1f  and 2f  are inside and outside radius temperature shown boundary condition. 
4. Stress distributions 
 
The Navier equations (10) and (11) may be solved by the direct method of analysis employing the series solution introduced by Jabbari et al. [4, 
5]. The solution of the Navier equations (10) and (11) is assumed in the form of Legendre series as 
0
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where run  and rvn   are functions of r. Substituting Eqs. (25) into Eqs. (10) and (11) and then using form of Legendre series to separate the 
independent variables r and  lead to 
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 This is the system of Euler differential equations. Thus, the solution of homogeneous part of Eqs. (26) and (27) may be assumed in the form 
Brru gn )( ,   Crrv gn )(                                                                                                                                        (28)    
where B and C are constants to be found using the given boundary conditions. Substituting Eqs. (28) into the homogeneous parts of Eqs. (26) and 
(27) yields 
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To obtain the non-trivial solution of the above equation, the determinant of coefficients of constants B and C must be vanished. This leads to the 
evaluation of the eigenvector obtained as 
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Thus, the general solution, utilizing the linearity lemma, is a linear combination of all values of eigenvalues and are obtained as 
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   The particular solution of Eqs. (26) and (27) are assumed As 
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Substituting Eqs. (33) into Eqs. (26)-(27) yields 
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where coefficients 1d  through 12d are presented in Appendix A. Equating the coefficients of the identical powers yields 
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Here, 4,...,1iDni  are obtained solving the two systems of algebraic equations. The complete solutions for displacements are the sum of 
Eqs. (31) and (33) and are 
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For 0n , the system of Navier equations (26)-(27) lead to the following single differential equation, as  
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solving the homogeneous part of Eq. (38) provide the complete solution for )(0 ru
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solving the non_homogeneous part of Eq. (38) provide the complete solution for )(0 ru
P as 
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where 01D , and 02D  are constants to be found using the given boundary conditions.                                                                                                   
Thus, the complete solution of radial and circumferential displacement components for all values of n, using Eqs. (37) and (40), is 
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Using the strain displacement relations given by Eqs. (1) and relations (2), the radial, circumferential and shear stresses are obtained as   the 
strains are                                                                                                                                                                                               
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Appendix A 
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